Perform life-cycle analysis
of storm impacts
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EST Presentation Topics

- Overview of EST

* Beginning a New Session

* Graphics Settings

* Building Input and Response Parameters
 Running EST

 Visualization
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Overview of EST — What does it do?

Research & Development

* Procedure for simulating multiple life-cycle sequences of non-
deterministic multi-parameter systems

 Based on a "Bootstrap' resampling-with-replacement,
interpolation, and subsequent smoothing technique

 Employs random sampling of a finite length database to generate a
larger database

Example:

Storm events and their corresponding environmental impacts




What does this mean?

Research & Development

* A generalized risk analysis procedure for any cyclic or frequency-related
phenomena

» Applications include risk / frequency of:
* Flood levels due to storms
* Erosion of dredged material mounds
e Storm-induced beach / dune erosion
e Scour at bridge piles due to extreme currents
« ETC! Applications are endless

« Basic assumption: future events statistically similar in magnitude &
frequency to past events
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Procedure
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« Start with analysis of historical events that have impacted a specific locale
(for simplicity, this presentation is restricted to flood frequency analysis)

* Select a database of storm events for your project site

 Parameterize events in some way to define their characteristics and impacts
 Parameters that define the storms are referred to as Input Vectors
* Response Vectors define storm-related impacts

* Input & response vectors are used as the basis for generating life-cycle

simulations of storm-event activity with corresponding impacts
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Input Vectors for Tropical Storms
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Input vectors describe the physical characteristics of the storm event &

the location of the event with respect to the project site.

For a tropical storm input vectors or storm parameters might include:

central pressure deficit

radius to maximum winds

maximum wind velocity

minimum distance from the eye of the storm to the project site (track)
forward speed of the eye

tidal phase and amplitude during the event

ETC!
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Input Vectors for
ExtraTropical Storms

Research & Development

Parameters for an extratropical storm might include:
* duration of event as measured by some threshold damage criteria

 associated wind wave heights and periods

tidal phase and amplitude

storm surge elevation with no tidal contribution
ETC!

Note: Input vectors are not limited to those described; they can be any
physical attribute of the overall system that may affect the response of
the system. For example, in some applications rainfall and river stage

could be included as input vectors since their values influence the
computed distribution of high water within a basin. \/‘-




Response Vectors
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Response vectors define storm-related impacts such as inundation and
shoreline / dune erosion. Both tropical & extratropical storms might include:
 maximum surge or flood elevation
 shoreline erosion

 dune recession
e ETC!

Response vectors are related to input vectors BUT the interrelationship is
* highly nonlinear
* involve correlation relationships that cannot be directly defined,
i.e., nonparametric
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More on Response Vectors
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For example, in addition to storm input parameters storm surge is a function of
* local bathymetry
 shoreline slope and exposure
 spatial and temporal gradients of ocean currents, temperature, etc.

It is assumed these combined effects are reflected by the response vectors

even though their individual contribution to the response is unknown.

Response parameters are usually not available from post-storm records

at the spatial density required for a frequency analysis.
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Additional Tools Needed
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Therefore, response vectors are generally computed via numerical
models. For example:

 maximum surge elevation may require a hydrodynamic model
coupled to a tropical storm model or databases containing
extratropical wind fields

 storm-related erosion may require additional models to compute
berm / dune erosion

Typical models for simulating response phenomena might be:

ADCIRC, DYNLET, STWAVE, SBEACH, GENESIS, ETC!
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Coastal Reach




Data Search

Research & Development

Goal: Determine stage-frequency relationships at 38 coastal locations

Key: Develop an appropriate database of storms and their impacts

For tropical storms the NOAA “HURDAT” database
covers 150 years of tropical storm information
impacting the east and Gulf coast of the U.S.

EST contains the HURDAT database
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HURDAT
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NOAA’s HURricane DATabase
e Impact areas: U.S. East / Gulf coasts & Caribbean sea
* Coverage: 1851 to present (through 2001 in CEDAS)
e Data available in 6-hr intervals:
e latitude / longitude of tropical storm eye
* central pressure
 maximum wind speed

« Caution: storm data may be sparse — 19t century.

* View the data for each analyzed storm to help determine

if it should be included in your database of storms.

* Export the storm analysis results in an ASCII form that |
complies with EST input format. \f‘- !




SC Input Vectors
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The EST interface has a mechanism to interrogate this database and
determine appropriate events. Before selecting the storms you must
decide which storm parameters you will use as the “input vectors” for

your simulation. In the S.C. study the following were selected:
I1 — tidal phasing
12 — distance from eye
I3 — central pressure deficit

14 — max wind speed

IS — forward speed



Edit Data Screen

Edit Case

Caze Properties | Tropical Event Input EHtratericalEventlnputl Statinnsl [araphics Settings

Casze name;

|E:-cample 3 - Storm Surge Frequencies
Units
* Metic " Englizh

Go to the Stations tab

[v Store detailed log information franm i in project file

| | - . to access the HURDAT
Mate: Depending on the number of iterations, storing
the detailed log infarmation may cause the EST project datab ase

file to be quite large. Only check this box if pou hawe a
gpecial need to see thiz detailed information.

Yertical datum 1] m

Motes:

Thiz ezample computes frequency-of-occurence
relationzhips for bwio ztations along the South Caroling
coazt. The only Responze Parameter iz flood
glevation. Two hypotheitical storms were derived from
Hurricane HUGO, the largest storm to ever stike the
South Carolina shore, HUGO's hiztonical path was
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Storm Analysis
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fit Case Storm Analysis

Caze Properties TmpicaIEventInput] Extratropical Event Input  Stations | Graphics Settingsl 1 - SpeCify criteria, input parameters, &
Nurmber of stations: 2 Change Auto Fill Mames | Import | Station lOCﬂtiOIl

I Enter Mean Tidal Amplitude

Chrll inzertz a row before the curently selected row Select Graphicaly | 2 = SeleCt Storms from the ﬁle tO analyze /
Chrl-& appends a row after the currently selected row -
Chl-D deletes the rows curently selected AT T — " identify

Name Lat Long Amplitude Storm Selection °
1 [Station 1 ] 32.03500 -80.88700 0.000 | candidates
2 | Station 2 3212100 -§0.83400 0.000 NOAA storm database file: | CEDAS20MES THBitmapsPlushatitrack 0 Browse | |
Minirmum distance from storm eye: |160 ki Minirum pressure deficit: |20 milibars 3 = S eleCt /

= Storm Tracking

Statior: 32.03500 -80.88700 j Minirmum distance for direct hit: 1.6 km

export
Yiew Storm Data
Starms in file Starms bo analyze your

Add > E23==>Found

1 s A

2 = E30==:Found B

3 < Remove Ed3==>Found Storm Set
4 EE59==>F ound

5 Add All >> Fif==>Found

3 807==>Found

7 << Remove Al 839==3Found

g 87, Found [

] v Track >> 946==>Found v

praee | oot | <

According to your control variables, you need 5 input parameters.

Select the input parameters

Input parameters

¥ Tidal Phase v M aximurmn wind speed in starm
v Minirum distance from storm eye Iv Fonward speed of storm
[v Central pressure deficit I™ Radius ta maximum winds

d

K Cancel Help




Augmentation
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Ideally: historical data will be adequate insofar that it includes both
the number of events and the severity of events as measured by their
descriptive parameters. Experience shows this is usually not the case.

Steps in selecting an appropriate storm set:
* Remove redundant events
* Augment the database with historical “like” storms
(necessary for very sparse databases)

Historical “like” storms: storms that could have occurred




Cursor position

Example historical “like” storms
* one with a slightly altered path
 one with increased/decreased

radius to maximum wind

 ETC.

Assignment of probability to these
historical “like” storms will be covered later.

The set of storms to be use for EST simulations is referred to as

the training set.
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ADCIRC Simulations

ADCIRC was used in the SC study

to simulate the 28 tropical
Events in the training set




Storm Event Consistency
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AXIOM: future events similar to past events

training set contains events the same as or similar to historical events

EST approach selects a sample storm based on a random number

selection from 0 to 1

performs a random walk from an event X. with x, and x, response

vectors to the nearest neighbor vectors

walk is based on independent uniform random numbers on (-1,1)

This procedure has the effect of simulating responses that are not

identical to the historical events but are similar to events that have

historically occurred. \/"




Storm Event Frequency

Research & Development

AXIOM: storm occurrence similar to historical

Poisson distribution determines the average number of
expected events in a given year.

Pris:n)=

Y
A

E—.'L

where Pr defines the probability of having s events
per year and A is the historically based number
of events per year

Output from the EST program is N repetitions of a life cycle of
T-years of simulated storm event responses
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LDed-s » it | o

[=1- 1= Example 3 - Storm Surge Frequencies

LM Specify title, units, datum, &J case notes

£ Extratropical Input and Response
= = station 2
5] Tropical Input and RespREHLRE
123 Extratropical Input and

Caze Praperties | Tropical Event Input E:-:tratmpicalEventInput] Stations | Graphics Settings

Caze name:

|E:4am|:ule 3 - Storm Surge Frequencies
- Units
v tetric " English

Iv Store detailed log information from mn in project file

Mote: Depending on the number of iterations, storing
the detailed log information may causze the EST project
file to be quite large. Only check this box if you have a
zpecial need to see thiz detailed information.

Wertical datum ]D m

Motes:

Thiz ezample computes frequency-of-occurnence
relationzhips for bwo stations along the South Carolina
coast. The only Response Parameter iz flood
elevation. Twa hypotheitical storms were derived fram
Hurnzane HUGO, the largest storm to ever stike the
Sauth Caralina share, HUGD's histarical path was
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= = Example 3 - Storm Surge Frequencies

—|- []f= Station 1

£33 Tropical Input and Response
[T Extratropical Input and Response

=] []f= Station 2

£33 Tropical Input and Resp Edit Case

[CIE7 Extratropical Input and

Case Properties  Tropical Event Input l Extratropical Event Input] StatiunS] Graphics Setting&]

MHurmber of Input
B g [ Input response parameter thresholds

Bent ooy o —  # events/yr = # historical events

[events per pear]

MHumber of Responze ﬁ— # Observation yrs

Parameters

Mumber of Simulations

ehemeeiresch [100 4 prepetitions of a “life cycle” - N

smmmuens 20 # of years in a “life cycle” - T
Probability Azsignment Fandom Mumber Seed
™ Equal Probability for all Events (" Based on system clock
& Relative Probabilities Fead e e

fram Input Files

et [555 A llows run duplic;

Aqtion

] 8 | Cancel | I Help I
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= 1= Example 3 - Storm Surge Frequencies
El D&' Station 1
I3 Tropical Input and Response
-~ [1E] Extratropical Input and Response
= = Station 2
I3 Tropical Input and RespAL LR
[ Extratropical Input and

Caze Properties] Tropical Event Input  Estratropical Event Input ] Stations | Graphics Settings]

Mumber of lnput ]“— I Input response parameter threshaolds
Parameters %

Event Frequency 1—‘—-‘-‘-‘—
[events per pear] 05625

wmedfesne f——  Similar input parameters
MNumber of Simulations

cecirec [0 a§ for tropical storm
e —

i~ Probability Azzignment Random Number Seed

| )

" Equal Probability for all Events + Based on system clock

(v Pelative Probabilities Read " Enter Seed

from Input Filez Ceedl ]—: I5E

ak. | Cancel als Help
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[ Example.est - Empirical Simulation Techniague
D= | » R 1
- W= Example 3 - Storm Surge Frequencies
=1~ ] Station 1

I3 Tropical Input and Response
150 Extratropical Input and Respc
= [1§= Station 2
I Tropical Input and RespLETLEEGE
[T Extratropical Input and

Caze Propertiez | Tropical Event Input ] Extratropical Event Input  Stations | Graphics Settings ]

Mumber of stations: E Change Auto Fill Hames ‘ Irmpart |

I Enter Mean Tidal Amplitude
Select Graphically |

Ctrl-l inzerts a row befare the currently selected raow
Ctrl-& appends a row after the curently selected row HUBDAT Dat |
Crl-D deletes the rows cunently selected ik

Hame Lat | Longq | Amplitude
1 [Station 1 | 32.03500 -80.88700 0.000
2 Station 2 3212100 -80.83400 0.000

For the actual study 38 stations were selected.
Station names & locations can be imported as
an ASCII file, entered directly, OR created

_graphically.
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Set Graphics Controls
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id Example 3. est - Empirical Simulation Technigue
~a =7
D@dsE > .1
=1 1= Example 3 - Storm Surge Frequendies
= ] Station 1

CIE7 Tropical Input and Response
157 Extratropical Input and Response
= 1= Station 2
I3 Tropical Tnput and RespBLAT L EGE
C1E7 Extratropical Input and

Caze F'mpetties] TrapicaIEventInput] E stratropical Event Input] Stations Graphics Settings ]

Responze Labels:

v Mean 1 [Flood Elevation . m |
W +-50.
Bl e In this study there was a single
0% response. Settings to the left
G s | Tefer to what curves are shown
e on all plotted results.
[ 90
v 95%

I Include Filename in Graph Title
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=3 Example3.est - Empirical Simulation Technique
File Edit View Help

OD=zEE &
-1 1= Example 3 - Storm Surge Frequencies Example 3- SOUTH CAROLINA STATION 1 TROPICAL EST IMPUT FI
-1 CI= Station 1 Mumber ¢
[ Tropical Input and Respanse
127 Extratrapical Input and Response
= [C1= Station 2
1] Tropical Input and Response
£ Extratropical Input and Response

olumns of the storm

atabase:

# of event

Historical or not

Relative probability

Storm name

I1 — tidal phasing

12 — distance from ey

I3 — central pressure
deficit

I4 — max wind speed

IS — forward speed

R1 — max water elevs

A [hinput £ output £
For Help, press F1

Histarical . . . E2.900
Historical . . . £3.300
Historical . -1. . E2.900
Historical . . . £3.300
Higtarical . . . £8.900
Histarical . . . E2.900
Historical . -1. . £3.300
Historical . . . E2.900
Historical . . . £3.300
Higtarical . . . £8.900
Histarical . -1. . E2.900
Historical . . . £3.300
Historical . . . E2.900
Historical . . . £3.300
Historical . -1 . £2.900
Historical . . . E2.300
Histarical . . . £3.900
Historical . . . E2.900
Historical . -1. . £3.300
Historical
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55 Example3.est - Empirical Simulation Technique

DEEo = Extratropical storms

=1 1= Example 3 - Storm Surge Frequencies Example 3 S0UTH CAROLIMNA STATION 2 EXTROPICAL EST IMPUT F
=1 CI@= Station 1 Rel. Prob. Label 3 ° ° °
I3 Example 3 - SOUTH CAROLIN, 1| Historical 1.000]  STORM_TH| 1168] 0872] 1.085 2125 All hlstorlcal Wlth the same
2 |¥ Historical 1000 STORM_IM1|_ 1.030] 0972|0968 1.968
< 1= Station 2 3 |¥ Historical Tom|  STORM_IL| 0895 0ar2] ossl] 187
CIET Example 3 - SOUTH CARCLIN, 4 |¥ Histarical 1000 STORM_IMZ[  1.030] 0972] 0gea|  1.983 . e
£ Example 3 SOUTH CAROLIMA 5 |¥ Historical 1.000]  STORM_2H| 188 0351 1095 1524 l t b b l t
0 Eame E |¥ Historical Tom0] STORM_2M1|  1.030] 0351] 0gs3] 1.397 reiative pl’O apl1il y
7 |¥ Historical 10| STORM_2L| 069 0351] 0641] 1.260
8 |¥ Historical Too0| STORM_2M2[  1.030] 0351] 0ges| 1.397
9 |# Historical 1000 STORM_3H| 165 0549 1085 1.702 o o
10| Historical 1000 STORM_3M1|  1.030] 0548 0988] 1575 Il —multlpller Of M
11 |¥ Historical Tom|  STORM 3L 089 0548 08| 1439 2
12 |# Historical 1000 STORM_3Mz|  1.030] 0543 0968|1575
13 |# Historical 1000 STORM_4H| 165 0600 1.085 1.753 .
14 |¥ Historical 1000 STORM_aM1|  1.030] 0eo0|  09e3]  1.656 f
15 |# Historical TO00] _ STORM 4L 0695 0600 0641|1489 or Sprlng9 mean, neap
16 |¥ Historical To00] STORM_4M2[ 1030 oeon| ngea|  1.656
17 |# Historical T000]  STORM_BH| 165 0616  1.085 1.759
18 |# Historical 1000 STORM_GM1|  1.030] 0616  0g96a|  1.642 o o
19| Historical 1000 STORM G 0@35 0616|0841 1515 12 — peak tldal elevatlon
20 |# Historical 1000 STORM_5Mz|  1.030] 0616 0968  1.642
21 |# Historical 1000 STORM_EH| 1165 07e0| 1.095 1.913
22 |# Historical 1000 STORM_EM1|  1.030] 07e0|  09e3|  1.785 .
23 |¥ Historical 1000 STORM_BL| 0695 0780  0841]  1.659 13 _ l t
24 |¥ Historical 1om0] STORM_EM2[  1.030] 07e0| 0983  1.785 Surge cicvauon
25 |# Historical 1000 STORM_7H| 1165 0630  1.035 1.623
26 |¥ Historical 1000 STORM_7M1|_ 1.030] 0630 0gea|  1.716
27 |¥ Historical Tom0]  STORM 7L 0895 0630  0841] 1.589 o o
78 |¥ Hisorical To00]  STORM_7Mz|  1.030] 0690 0968 1.716 Wlth no tlde
23 |# Historical Too0]  STORM_SH| 1165 0483 1.095 1.616
30 |# Historical 1000 STORM_SM1|  1.030] 0483 09ea|  1.609
31 |¥ Historical To00]  STORM_BL| 0895 04s3| 0841|1382 R
32 |¥ Historical 1.000] STORM_8M2| 1.030] 0483 0968]  1.508 Rl _ t l t
33 |¥ Historical TO00]  STORM_SH| 165 0925  1.035 2078 max water eievation
34 |# Historical 1oo0] STORM_aM1|  1.030] 0825 nges| 1.951
3 |# Historical Tom0]  STORM_OL 089 0@25] 0841] 1.824
3 |¥ Historical Tom0]  STORM_SMz[  1.030] 0925 0ges| 1.1

D . — 9 storms selected

e
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SC Results
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I Example3.est - Empirical Simulation Technigue
Fle Edit View Help

Log Yiewer

DS |~ ok 4 S

= % Example 3 - Storm Surge Frequencies
=% Station 1
=% Respanse 1

{53 Extratropical Frequency Cury
{£3 Combined Frequency Curve

AT nput 3 output /

For Help, press F1

Flood Elevation |, m

Tropical Frequency Curve

95% Confidd
+-15.0.
Mean

Tropical Fresguency Curve
Example 3 - Stornm Surge Frequencies - Stavion 1 - Response 1
Project File Wame: Exauple3.est

BET CUMFREQ MERN M-18D  M+1SD 083 10% 25%
1.005  0.00% 0.00 0.00 0.00 0.00 0.00 0.00
z  0.500 0.00 0.00 0.00 0.00 0.00 0.00

3 0.867 0.0ad 0.00 0.0ad o.00 .00 0.00

< 0.750 0.0ad -0.0z 0.03 o.00 .00 0.00

& 0.800 0.10d -0.08 0.z3 o.00 .00 0.00

£ 0.833 0.3z 004 0,59 000 000 0,01

7 0.857 0.55 024 0.86 000 0.06 0.37

8 0.875 0.76 0.45 1.08 0.16 0.37 0.58

3 0.g83 0.93 0.63 1.z3 0,46 0.60 0.78
10 0.3200 1.06 0.76 1.36 0.56 083 0.88
15 0.233 1.438 l.z0 1.78 l.08 1.12 1.3¢
z0 0.250 1.78 1.48 2.08 l.z28 1.41 1.58
ZE  0.860 1.97 1.6E z.30 1.4E 160 1.78
30 0.967 z.17 180 z.53 164 1.69 1.93
35 0.971 z.33 1.93 z.74 178 1.86 z.07
40 0.375 z.50 2.03 z.96 181 1.94 z.zz
45 0.378 Z.85 2.14 .17 1.81 z.08 Z.3¢
£0 0.2380 z.78 Z2.20 .36 1.87 Z2.15 Z.43
&0 0.283 z.37 2.36 .58 Zz.0z z.27 Z.58
0 0886 3.14 249 379 z.23 .38 z.70
a0 0.988 3.34 264 4.03 z.39 z.51 z.85
90 0.989 3.49 2.73 4.26 253 z.58 z.86
lo0  0.930 3.62 2.79 4.45 255 z.66 z.92
150 0.33%3 4. 33 3.28 .4l z.76 .02 .44
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